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decreases TNF-a and IL-17A levels in psoriatic lesions
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ABSTRACT

Objective: Fixed-combination halobetasol propionate (0.01%) and tazarotene (0.045%) lotion (HP/TAZ)
is approved for the treatment of plaque psoriasis in adults, with a demonstrated efficacy and safety
profile in phase 3 trials. This study examined the effect of HP/TAZ on the reduction of tumor necrosis
factor alpha (TNF-a) and interleukin 17 A (IL-17A) and its correlation to psoriasis improvement.
Materials and methods: Ten adults with mild-to-moderate plaque psoriasis and 2 symmetrical plaques
self-applied HP/TAZ (treated plaque) or vehicle lotion (untreated plaque) for 12weeks. At baseline and
each study visit (weeks 2, 4, 8, and 12), Investigator's Global Assessment (IGA) score and erythema,
scaling, and induration were assessed. Additionally, D-squame tape strips were utilized to quantify
TNF-a and IL-17A in target lesions by enzyme-linked immunosorbent assay.

Results: Significant improvements in mean IGA score in HP/TAZ-treated compared with untreated
plaques were evident at week 2 and maintained through week 12 (p<0.003). HP/TAZ significantly
reduced TNF-a levels at weeks 4 through 12 (p<0.03) and IL-17A levels at weeks 2 through 8 (p <0.05)
in treated compared with untreated plaques.

Conclusions: HP/TAZ was highly effective in treating psoriasis plaques and, although HP/TAZ is not a
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biologic, effectively reduced cytokine-associated inflammatory markers that drive psoriatic disease.

Introduction

Psoriasis is an immune-mediated inflammatory disease driven by
cytokines such as tumor necrosis factor alpha (TNF-a) and inter-
leukin 17A (IL-17A) (1,2). TNF-a is derived from activated dendritic
cells, keratinocytes, T helper 1 cells, and T helper 17 (Th17) cells,
and elevated levels of TNF-a are found in psoriatic skin compared
to the skin from healthy individuals (3,4). TNF-a amplifies inflam-
mation in psoriasis through several pathways, including facilitating
inflammatory cell entry into psoriasis lesions by inducing adhesion
molecules on vascular endothelial cells, stimulating keratinocyte
production of other pro-inflammatory cytokines, and activating
dermal macrophages and dendritic cells (5).

The IL-17 family plays a pivotal role in the pathogenesis of pso-
riasis (6) via the release of pro-inflammatory cytokines (7). Psoriasis
patients have increased expression of IL-17A at sites of inflamma-
tion (8), and the involvement of IL-17A in other autoimmune dis-
eases such as rheumatoid arthritis, Crohn’s disease, and multiple
sclerosis suggests a role in promoting autoimmune pathology (7).
TNF-a integrates with IL-17A mRNA, upregulating IL-17A signaling
and simultaneously overexpressing IL-17 receptor on keratinocytes,
causing keratinocyte hyperproliferation (9); thus, targeting TNF-a
and IL-17A in psoriasis patients has become an effective strategy
to reduce disease burden.

Several approved anti-TNF-a biologics for moderate-to-severe
psoriasis, including etanercept (10), infliximab (11), and adalimumab
(12), limit TNF-a from stimulating other immune components in
psoriasis. Additionally, approved biologics for moderate-to-severe

psoriasis that target IL-17A either selectively bind to IL-17A (secuk-
inumab (13), ixekizumab (14)) or to IL-17A receptors (brodalumab
(15)). However, biologic dosing schedules may not be ideal and
require invasive injections (16). Although topical therapies are less
invasive than are biologics, the ability of a topical therapeutic to
downregulate inflammatory cytokines in psoriasis plaques, espe-
cially following treatment discontinuation, is not well studied.
Additionally, rebound caused by cessation of topical steroids can
result in worsening of psoriasis symptoms, highlighting the impor-
tance of determining the effects of topical therapy on inflamma-
tory cytokine concentrations after therapy discontinuation (17).
The use of topical corticosteroids is routine in the treatment of
psoriasis; however, their continuous use is limited to 2-4weeks
because of long-term safety concerns (18,19). Tazarotene, a topical
retinoid, has also shown efficacy in the treatment of psoriatic
plaques, but its use is limited by skin irritation (20). More recently,
a novel fixed combination of halobetasol propionate 0.01% and
tazarotene 0.045% (HP/TAZ) lotion was evaluated in two phase 3
trials in subjects with moderate-to-severe psoriasis (19). Subjects
were randomized to receive HP/TAZ lotion or vehicle, which was
applied to the affected area once daily for 8 weeks, with a follow-up
posttreatment assessment at week 12. Treatment success was
achieved in over 40% of subjects receiving HP/TAZ, with 33.3%
experiencing a sustained therapeutic effect during the 4-week
posttreatment period. In a long-term phase 3 study, 83.9% of par-
ticipants who stopped therapy after achieving an IGA of 0 after
week 8 did not require retreatment for >4weeks, and 62.5% did
not require retreatment for >8weeks (21-23). Additionally, HP/TAZ
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was well tolerated during the year-long study, with minimal safety
concerns. However, the ability of HP/TAZ to reduce inflammatory
cytokines in psoriatic plaques during and after treatment discon-
tinuation is unknown.

In this study, we utilized D-squame real-time sampling to exam-
ine the effect of HP/TAZ lotion on reducing inflammatory cyto-
kines and to determine whether such an anti-inflammatory effect
correlates with psoriasis improvement.

Materials and methods
Study design

Key inclusion criteria included male and female subjects with
mild-to-moderate plaque psoriasis aged 18years or older, with 2
plaques suitable for tape stripping, and in general good health
determined by medical history. Subjects with known allergies or
sensitivities to ingredients in the test products, latex or adhesive
allergies, pustular or erythrodermic psoriasis, and pregnant or
nursing subjects were excluded. Exclusion criteria also included
subjects currently enrolled in any other clinical study; subjects
deemed by the investigator to be unable to complete the study;
and the use of any other lotion, medication, or other topical prod-
uct to the psoriasis plaques.

At the baseline visit, subjects underwent selection of 2 sym-
metrical target plaques by the investigating dermatologist. Plaques
with an IGA score of mild (2) or moderate (3) qualified for inclu-
sion. Plaques were also graded for erythema, scaling, and indura-
tion at baseline. One target plaque was designated as the HP/
TAZ-treated plaque and the other target plaque as the untreated
control. Subjects were instructed to self-apply HP/TAZ to the
treated plaque once daily at bedtime.

At each subsequent study visit (weeks 2, 4, 8, and 12), plaques
were photographed, and the study investigator graded plaques for
IGA score, as well as erythema, scaling, and induration; also, at
each visit, study participants self-assessed plaques for redness,
thickness, and scaling. Subjects also underwent D-squame tape
strip removal at each study visit on the 2 target plaques.
Additionally, 10D-squame tape strips were taken from a healthy
individual without psoriasis to serve as a negative control. If sub-
jects experienced complete plaque clearance in the treated plaque
(IGA = 0) prior to week 12, HP/TAZ was discontinued and subjects
returned for a final tape stripping at the next study visit.

A signed informed consent form was obtained from each sub-
ject prior to study procedures. No study-related procedures or
activities were performed until each subject was fully informed
and the consent form was signed and dated.

Efficacy endpoints

The primary endpoint was the decrease in TNF-a or IL-17A after
achieving an IGA of 0 in HP/TAZ-treated plaques compared to
untreated plaques. The secondary endpoint was the decrease, or
maintained decrease, in TNF-a or IL-17A after 4weeks of treatment
in HP/TAZ-treated plaques compared to untreated plaques.
Incidence of adverse events was monitored during the study.

Enzyme-linked immunosorbent assay

All reagents were molecular grade or better and purchased from
commercial sources without further purification. Tape strips

collected from the study subjects were stored at —80°C until ana-
lyzed. After the tape strips were thawed at room temperature
(20°C), 2ml of 1% Triton X-100 aqueous solution were added to
each tape strip in a sample vial. The samples were agitated for
1h at room temperature and inverted to ensure consistent mix-
ing. A 1-ml sample of the extraction solution was then centri-
fuged at 10,000 x g for 2min, and 50 or 100 uL of the clarified
solution was immediately analyzed by enzyme-linked immuno-
sorbent assay (ELISA) to quantify IL-17A or TNF-a levels, respec-
tively, per manufacturer protocol. ELISA kits for TNF-a and IL-17A
were purchased from ThermoFisher Scientific (Waltham, MA).
IL-17A samples were diluted 2-fold with sample diluent, whereas
TNF-a samples were analyzed without further dilution. A
VarioSkan Lux UV plate reader (ThermoFisher Scientific) was used
to analyze samples, and all analyses were conducted with UV-vis
absorbance at 450nm. TNF-a and IL-17A quantification was vali-
dated via standard calibration curves (R? = 0.9933 and R? =
0.9962, respectively).

Statistical analysis

A 2-sided t-test was used to analyze paired data for the presence
of TNF-a and IL-17A in psoriasis plaques, and a p value <0.05 was
considered statistically significant.

Results
Baseline characteristics

Ten subjects were enrolled and completed the study (male, n=5;
female, n=5); however, 1 subject was removed (male, n=5; female,
n=4) from final analyses because of a protocol violation
(self-debridement, which induced koebnerization of treated and
untreated plaques). The majority of subjects (7 of 9) were
Caucasian, 1 of 9 was Hispanic, and 1 of 9 was African American.
A higher proportion of subjects were type Il on the Fitzpatrick skin
type scale (6 of 9; 66.7%), with 33.3% classified as type |, IV, or V
(1 subject in each category).

Investigator’s Global Assessment scores and target lesion
Assessment

No significant difference in baseline Investigator’s Global
Assessment (IGA) score was observed between the treated and
untreated plaques. Significant improvement in mean IGA score in
HP/TAZ-treated compared to untreated plaques was evident as
early as week 2 (p=0.0027) and maintained through week 12
(p=0.0012; Figure 1).

At baseline, there were no significant differences in
investigator-assessed lesion characteristics between HP/TAZ-
treated and untreated plaques. By week 2, there was a significant
improvement in erythema (p=0.003), induration (p=0.002), and
scaling (p=0.002) in HP/TAZ-treated compared to untreated
plaques. Statistically significant lesion improvement (p <0.002) con-
tinued in all parameters from weeks 4 through 12. Similarly, there
were no significant differences in subject-assessed lesion charac-
teristics at baseline between target plaques. By week 2,
subject-assessed redness (p<0.001), thickness (p<0.001), and scal-
ing (p<0.001) were significantly reduced in HP/TAZ-treated com-
pared to untreated plaques; furthermore, statistically significant
lesion improvement (p<0.011) continued in all subject-assessed
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Figure 1. Mean plaque IGA scores of HP/TAZ-treated and untreated plaques through week 12. HP/TAZ, halobetasol propionate 0.01% and tazarotene 0.045%; IGA,
investigator's Global Assessment. 20ne of the 10 enrolled subjects was removed for protocol violation and not included in analyses. "Two subjects maintained an IGA
score of 0 from week 8 to week 12. **p <0.005, ***p <0.001, treated compared to untreated plaques (n=9).
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Figure 2. Psoriatic plaques treated with HP/TAZ improved from baseline to week 12 compared to untreated plaques. Patient consent was obtained for the use of all

photographs. HP/TAZ, halobetasol propionate 0.01% and tazarotene 0.045%.
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Figure 3. Mean TNF-a levels in HP/TAZ-treated and untreated plaques. HP/TAZ,
halobetasol propionate 0.01% and tazarotene 0.045%; TNF-a, tumor necrosis fac-
tor alpha. 20ne of the 10 enrolled subjects was removed for protocol violation
and not included in analyses. "Control: D-squame tape was taken from a healthy
volunteer without psoriasis. *p<0.05, treated compared to untreated plaques
(n=9).

parameters from weeks 4 through 12. Representative images of
HP/TAZ-treated compared to untreated target lesions from base-
line to week 12 are shown in Figure 2.

TNF-a concentration in psoriatic plaques

At all post-baseline time points, HP/TAZ treatment was associated
with reductions in TNF-a levels in treated plaques compared to
untreated plaques (Figure 3). The baseline concentration of TNF-a
was significantly higher in HP/TAZ-treated compared to untreated
lesions (7.94pg/mL vs 3.74pg/mL, respectively; p=0.041); however,
TNF-a levels were numerically reduced to 2.04 pg/mL after 2 weeks
of treatment with HP/TAZ lotion compared to untreated lesions,
which showed no reduction at week 2 (3.74pg/mL; p=0.228).
TNF-a levels were significantly lower in HP/TAZ-treated compared
to untreated plaques at week 4 (p=0.025); this reduction was
maintained through week 12 (p=0.013). TNF-a was not detected
above the limit of quantification (0.24pg/mL) in negative control
samples from healthy skin.

IL-17A Concentration in psoriatic plaques

Baseline IL-17A levels were similar between HP/TAZ-treated and
untreated plaques (1537pg/mL vs 18.81pg/mL, respectively;
p=0.376; Figure 4). From weeks 2 through 8, levels of IL-17A were
significantly reduced in HP/TAZ-treated plaques compared to
untreated plaques (p<0.05). At week 12, IL-17A concentrations
were numerically lower in HP/TAZ-treated compared to untreated
plaques (10.11pg/mL vs 13.62pg/mL, respectively; p=0.142).
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Figure 4. Mean IL-17A levels in HP/TAZ-treated and untreated plaques. HP/TAZ,
halobetasol propionate 0.01% and tazarotene 0.045%; IL-17A, interleukin 17 A.
20ne of the 10 enrolled subjects was removed for protocol violation and not
included in analyses. ®Control: D-squame tape was taken from a healthy volun-
teer without psoriasis. *p <0.05, treated compared to untreated plaques (n=9).

IL-17A was not detected above the limit of quantification (3.2 pg/
mL) in negative control samples.

TNF-a and IL-17A Concentration after HP/TAZ discontinuation

Three subjects achieved an IGA score of 0 in treated plaques at
week 8 and discontinued HP/TAZ treatment. At 4weeks posttreat-
ment cessation (week 12), 2 of these 3 subjects had maintained an
IGA score of 0; the third subject had an IGA score of 1. In the HP/
TAZ-treated plaques of these 3 subjects, TNF-a and IL-17A levels
remained low from week 8 to week 12 (e.g., following treatment
cessation). Mean TNF-a levels in HP/TAZ-treated plaques of sub-
jects who maintained an IGA score of 0 and discontinued treat-
ment were 0.08pg/mL at week 8 and 1.18pg/mL at week 12;
mean IL-17A levels were —0.91 pg/mL at week 8 and 0.64 pg/mL at
week 12.

Safety

No adverse events were reported during the study.

Discussion

In this study, HP/TAZ was highly effective in treating plaque psori-
asis, as demonstrated by the significant improvement in mean
investigator IGA scores and by improvements in both investigator-
and subject-reported assessments of treated compared to
untreated plaques. The efficacy of HP/TAZ in this analysis is cor-
roborated with statistically significant decreases in TNF-a and
IL-17A, 2 cytokines implicated in the pathogenesis of psoriasis.
The primary efficacy endpoint was a decrease in TNF-a or
IL-17A in HP/TAZ-treated plaques after achieving an IGA score of
0. Although statistically significant reductions in TNF-a and IL-17A
levels were observed in treated plaques compared to untreated
plaques at most time points, not all subjects achieved an IGA of 0
with HP/TAZ. Three subjects achieved an IGA score of 0 in treated
plaques at week 8 and discontinued HP/TAZ therapy. At week 12
(4weeks post therapy cessation), the formerly treated plaques of
these subjects demonstrated a sustained reduction of mean TNF-a
and IL-17A levels. The ability of a topical treatment to maintain
downregulation of inflammatory cytokines after discontinuation of

therapy has not been well established; however, these data sug-
gest that topical HP/TAZ has the potential to maintain reductions
in inflammatory cytokines in psoriatic plaques even after cessation
of therapy. Additional studies with larger cohorts are needed to
confirm these findings.

The secondary efficacy endpoint was the decrease or main-
tained decrease in TNF-a or IL-17A after HP/TAZ treatment for
4 weeks, which was met for both cytokines. TNF-a was significantly
decreased in treated plaques at weeks 4, 8, and 12 compared to
untreated plaques. Of note, there was a statistically significant dif-
ference in baseline TNF-a levels in treated and untreated plaques;
however, the level of TNF-a was higher in treated lesions, which
would not bias study results. Additionally, HP/TAZ treatment sig-
nificantly reduced IL-17A in subject plaques at weeks 2, 4, and 8,
with a numerical reduction maintained at week 12. Taken together,
HP/TAZ was associated with sustained, substantial reduction in
pro-inflammatory cytokines.

There are several potential explanations for how HP/TAZ may
facilitate reduction of cytokines associated with psoriasis.
Corticosteroids, like HP, act at the cellular level by binding with the
glucocorticoid receptor (24) and have various functions, including
anti-inflammatory and immunomodulatory actions (17). A poten-
tial mechanism for the reduction in TNF-a observed here with HP/
TAZ treatment is the ability of HP to modulate TNF-a gene expres-
sion via the glucocorticoid receptor (22). Additionally, corticoste-
roids suppress macrophage secretion of TNF-a and reduce its
expression on cell membranes. Further, TAZ is a retinoid prodrug
that is rapidly metabolized to tazarotenic acid, which selectively
binds to retinoic acid receptors and serves as a ligand-dependent
transcription factor to regulate the expression of psoriasis-associated
genes, including TNF-a and IL-17 (22,25). TAZ halts a positive
inflammatory feedback loop for epidermal inflammation by down-
regulating migration inhibitory factor-related protein 8 (MRP-8), a
protein stimulated by TNF-a that recruits leukocytes to enhance
expression of TNF-a and other pro-inflammatory cytokines at
inflammatory sites (22). TNF-a also has been shown to stimulate
Th17 cells to produce IL-17 in human peripheral blood mononu-
clear cells (26,27); thus, it could be hypothesized that HP/TAZ
reduces IL-17A levels by diminishing TNF-a-induced Th17 stimula-
tion. In sum, HP/TAZ treatment may reduce inflammatory markers
in psoriatic lesions through several mechanisms, ultimately nor-
malizing plaque inflammation and returning skin to a ‘prelesional
state’ (22); additional studies are needed to clarify this mechanism
of action.

The results of this study may also inform the treatment of
patients with scalp or palmoplantar psoriasis, which are especially
challenging to treat and contribute to poor quality of life and
negative self-image (28). In previous open-label studies, HP/TAZ
demonstrated efficacy in treating moderate-to-severe palmoplan-
tar psoriasis and moderate-to-severe psoriasis with scalp involve-
ment (29,30). In these studies, the novel formulation of HP/TAZ
was proposed to contribute to the favorable efficacy profile
observed. The results of this study may provide further depth to
this observation, as the ability of HP/TAZ to reduce TNF-a and
IL-17A in psoriatic lesions may contribute to its efficacy in
difficult-to-treat psoriatic subtypes. To confirm this, further studies
of cytokine reduction associated with HP/TAZ are warranted in
difficult-to-treat areas of the body.

Although these study findings suggest the potential for a topical
psoriasis therapy to reduce inflammatory cytokines in plaques, there
are limitations (31). One limitation is the small sample size, which
may obscure statistical analysis. Indeed, 1 subject was excluded
because of a protocol violation, reducing the already small pool of



subjects analyzed. Additionally, only 3 subjects achieved an IGA
score of 0 during the study, which limited analysis of sustained
cytokine suppression following cessation of therapy. Future studies
with larger cohorts are needed to further explore these results.
Lastly, future studies should examine the effect of HP/TAZ on addi-
tional pro-inflammatory cytokines implicated in psoriasis.

In conclusion, HP/TAZ was efficacious in treating psoriatic
plaques, demonstrated by significant improvements in IGA scores
and investigator-reported assessments of erythema, induration,
and scaling, which were mirrored in subject-reported assessments.
Furthermore, HP/TAZ significantly reduced TNF-a and IL-17A levels
in psoriatic plaques, corroborating its efficacy, and represents an
advancement in topical therapy and cytokine reduction for patients
with psoriasis.
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